® 



Europaisches Patentamt 
European Patent Office 
Office europ§en des brevets 



® Publication number: 



0 440108 A2 



® 



@ Application number: 91100975.1 
0 Derte of filing: 25.01.91 



EUROPEAN PATENT APPLICATION 

<S> Int. CI .5-. COS J 3/24 



® Priority: 26.01.90 JP 13539/90 


® Applicant: KANSAI PAINT CO. LTD. 




33-1, Kanzaki-cho 


@ Dato of publication of application: 


Amagasaki-shi Hyogo-ken(JP) 


07.08.91 Bulletin 91/32 


@ Inventor: Isozaki, Osamu 




® Designated Contracting States: 


401-68, Hirado-cho, Totsuka-ku 


DE FR GB IT NL 


Yokohanr)a-shi, Kanagawa-ken(JP) 




@ Representative: Kraus, Walter, Dr. et ai 




Patentanwalte Kraus, Weisert & Partner 




Thomas-Wimmer-Ring 15 




W-80D0 MUnchen 22(DE) 



@ IVIethod for curing resin. 

@ In a method for curing a resin by utilizing an intermolecular or intramolecular crosslinking reaction, the 
improvement wherein the crosslinking reaction is a ring opening polymerization reaction between lactone 
structures and/or a ring opening addition reaction between a lactone structure and an active hydrogen-containing 
functional group. 
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METHOD FOR CURING RESIN 



This invention relates to a novel method for curing a resin. 

There has been hitherto well known a method for three-dimensionally crosslinking and curing a 
syntheric resin by using a curing agent (crosslinking agent) such as a melamine resin or a polyisocyanate 
compound. However, when using the melannine resin, by-products such as alcohols, aldehydes, water, etc. 
occur during a curing reaction, deteriorating physical properties of a cured product. Meanwhile, when using 
the polyisocyanate compound, a system is a two-package system which is intricate to treat. 

The present inventors have made extensive studies to eliminate the above conventional defects in 
curing the synthetic resin and develop a novel curing method in which a system is a one-package system 
and occurrence of by-products is little observed in the curing reaction. As a result, they have this time 
found that the above object can be achieved by a curing method chiefly utilizing a ring opening or addition 
reaction of a lactone structure, and completed this invention. 

Thus, according to this invention, there is provided a method for curing a resin by utilizing an 
intermolecular or intramolecular crosslinking reaction of a resin, characterized in that the crosslinking 
reaction is a ring opening polymerization reaction between lactone structures arid/or a ring opening addition 
reaction between a lactone structure and an active hydrogen-containing functional group. 

The resin is generally crosslinked and cured by, for example, chemically bonding molecules of a resin 
having a straight-chain structure (including also a chain structure with a branched chain) in three- 
dimensional networic such that the molecules of said resin are bridged intermolecularly and/or in- 
tramolecularly. 

This invention is characterized in that the resin is crosslinked and cured chiefly utilizing a ring opening 
reaction of a lactone structure contained in a straight-chain resin. The lactone structure is preferably a 4- to 
9-membered cyclic functional group having an ester lineage in a ring. In one aspect of tfiis invention, the 
resin is presumably crosslinked and cured such that the lactone ring is opened at the ester linkage site 
either by heating or with a catalyst, and then attacks the other lactone structure to form a polyester 
structure (ring opening polymerization), as shown in the following reaction schenfie A. 
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wherein R denotes a saturated aliphatic hydrocarbon group having preferably 2 to 7 carbon atoms, 



35 , 

denotes a resin body and R' denotes an alky! group such as an ethyl group. 

In another aspect of this invention, the lactone structure can be subjected to a ring opening addition 
reaction with active hydrogen-containing functional groups such as a hydroxy! group, a carboxyl group and 
40 an amino group, thereby crosslinking and curing the resin. 

The crosslinking and curing reaction between the lactone structure and the active hydrogen-containing 
functional group is thought to typically proceed as shown in the following reaction scheme B. 
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Reaction Scheme B 
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is as defined above. 

As the crosslinking and curing reaction usually little proceeds at room temperature, there are advan- 
tages that a resin which can be cured according to this invention is excellent in storage stability and usable 
as a one-package type. Moreover, conn pared with an ordinary method for curing a resin with a curing agent 
5 such as an amino resin, etc., the method of this invention little or never allows formation of by-products in 
the crosslinking and curing reaction. In consequence, when the method of this invention is applied to paints, 
a coating surface having excellent smoothness can be formed and an internal stress of a coating film is low 
so that a coating surface excellent in adhesion to a surface being coated can be provided. 

The lactone structure can be formed by the following methods which are known per se.. However, they 
10 are not critical in this invention. 

(1) Formation by an oxidation reaction and a reduction reaction 

(a) Formation by peroxidation of a cyclic ketone 

A cyclic ketone enlarges the ring and forms a lactone by a peracid. 

(b) Formation by oxidation of a cyclic ether 

75 A cyclic ether is oxidized with chromic acid, t-butyl chromate or ruthenium oxide to form a lactone. 

(c) Formation by reduction of an acid anhydride 

When an acid anhydride is reduced with metallic sodium-alcohol, lithium aluminum hydride or lithium 
aluminum tri-t-butoxy hydride, a lactone structure is formed. It is also formed using chlorotris- 
(triphenylphosphine)rhodium. 
20 (2) Formation by ring closure of a carboxylic acid or its derivatives 

(a) Formation from a hydroxycarboxylic acid or Its esters 

When a hydroxycarboxylic acid Is treated with an acid, dehydration takes place to form a lactone. For 
example, a gamma-hydroxycarboxyllc acid and a delta-hydroxycarboxylic acid provide a gamma- 
lactone and a delta-lactone respectively. Examples of the acid are mineral acids such as sulfuric acid 
25 and hydrochloric acid, and organic acids such as p-toiuenesulfonic acid. The lactone can be formed 
using an acid anhydride (e.g. acetic anhydride and trifluoroacetic anhydride) or phosgene. 

(b) Formation from an unsaturated carboxylic acid or its esters 

A beta.gamma-unsaturated carboxylic acid is easily ring-closed in the presence of an acid to form a 
gamma-lactone. Examples of the acid are sulfuric acid and trifluoroacetic acid. 4-Pentenoic acid forms 
30 a gamma-lactone and 5-methyl-4-hexenoic acid forms a gamma-lactone. When an olefinic carboxylic 

acid is reacted with a peracid, a hydroxylactone is formed. Moreover, an ester having a cyclopropyl 
group can be lactonized with an acid. 

(c) Formation from an olefinic diazo ester 

A carbene formed by deconn position of a diazo ester having a double bond is added to a double bond 
35 In a molecule to form cyclopropyl lactone. A diazo malonic acid ester also forms a lactone. A 

compound having a cyclopropylcarbonyl group can be converted into a gamma-lactona with a 
cyclopropane ring cleaved. 
(3) Formation by carbonylation and Introduction of a carboxylic acid residue 

(a) Formation by carbonylation of acetylene carbinoi 

40 When an alcohol having terminal acetylene is carbonylated, a lactone Is formed. For example, when 

beta-hydroxyacetytene is carbonylated with carbon monoxide, alpha-methylene lactone results, and 
butenolyd is formed from ethenyl carbinoi. Further, when vinyl alcohol is carbonylated, a lactone is 
obtained. 

(b) Formation by a reaction between a ketone and a ketene 

45 An aldehyde or a ketone is condensed with a ketene In the presence of a Lewis acid as a catalyst to 

form a beta-lactone. Dimethyl ketene is condensed with cyclopropane to form spiro-beta-lactone. 
Dichloroketene is concensed with an aldehyde to fomn alpha.alpha-dichloro-beta-lactone. An unsatu- 
rated delta-lactone is formed by a reaction of an alpha,beta-unsaturated aldehyde and/or a ketone with 
a ketene. 

so (c) Formation by introduction of a carboxylic acid residue into an epoxide 

Active methylene compounds such as a malonic acid ester, ethyl cyanoacetate and ethyl acetoacetate 
form corresponding gamma-lactone derivatives respectively. Oxirane is condensed with a ketene to 
form a gamma-lactone. 

As a method to bond the thus formed lactone structure to a resin molecule, it is possible to introduce a 
55 substituent in the lactone structure and chemically bond the lactone structure to a resin substrate utilizing 
the substituent. The substituent is introduced Into the lactone structure by e.g. cariDoxylation or hydrox- 
ymethylation of an alpha-position of the lactone ring. A hydroxyl group can be added by subjecting a beta- 
position of the lactone ring to a Michael condensation. An isocyanate group can also be introduced by 
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adding a polyisocyanate compound to the hydroxyl group. 

The substituent (e.g. a hydroxyl group» a carboxyl group and an isocyanate group) introduced into the 
lactone structure as above is reacted with a functional group introduced in the resin substrate, thereby 
making it possible to Introduce the lactone into the resin substrate. The functional group that can be 

5 introduced into the resin substrate may be any group that is mutually reacted with the substituent of the 
lactone structure. Examples of such group are a hydroxyl group, a carboxyl group, m epoxy group and an 
isocyanate group. The resin substrate Into which these functional groups are introduced is not limited in 
particular, and can optionally be selected depending on the use purpose of the resin. Examples thereof are 
an acrylic resin, a vinyl resin, a polyester (alkyd) resin, a polyamide resin, a polyurethane resin, an epoxy 

10 resin and a fluorine resin. It is advisable that the resin substrate has a number average molecular weight of 
usually 200 to 100,000, preferably 200 to 50,000 and more preferably 200 to 20,000. The above functional 
group can be introduced into such resin substrate in a manner known per se. 

A preferable combination of the functional group of the resin substrate for introducing the lactone 
structure into the resin substrate and the substituent of the lactone structure is listed below. 

15 





Functional group of 
a resin substrate 


Substituent of a 
lactone structure 


20 


Hydroxyl group 


Carboxyl groupr epoxy group, 
isocyanate group 


25 


Carboxyl group 


Hydroxyl group, amino group, 
epoxy group 


Epoxy group 


Carboxyl group, hydroxyl 
group, thiol group, amino 
group, hydroxyl group 


30 


Isocyanate group 


Hydroxyl group, amino group 



Another method to introduce the lactone structure into the resin substrate is that a polymerizable 
unsaturated monomer containing a lactone structure is singly polymerized or copolymerized with another 
35 polymerizable monomer. Examples of the polymerizable unsaturated monomer containing the lactone 
structure are monomers represented by formulas 
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wherein Ri denotes H or CH3 and R2 denotes a C1.8 hydrocarbon group. 
S5 The other monomer copolymerizable with these monomers is preferably the polymerizable unsaturated 
monomer (the vinyl monomer or the acrylic monomer) used in forming the vinyl resin or the acrylic resin. 

Further, when maleic anhydride is copolymerized with allyl alcohol, ring closure is conducted in 
polymerization to obtain a lactone structure-containing vinyl polymer as shown in the following reaction 
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scheme C. 

Reaction Scheme C 
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25 The number of the lactone structure being introduced can be at least 2, preferably 3 to 30, more 

preferably 5 to 15 per molecule. 

In the method of this Invention, a resin having a lactone structure and an active hydrogen-containing 

group per molecule is also available. When using such resin, the lactone structures or the lactone structure 

and the active hydrogen-containing functional group cause the intermolecular or Intramolecular ring opening 
30 bonding reaction to conduct crossllnking and curing. 

Such resin can be formed by reacting part of the functional group of the resin substrate having 

introduced therein the active hydrogen-containing functional group with the substltuent of the lactone 

structure. Said resin can contain at least 1, preferably 3 to 30, more preferably 5 to 15 lactone structures 

and at least 1, preferably 3 to 10, more preferably 5 to 15 active hydrogen-containing functional groups. 
35 Further, in the method of this invention, a mixture of the aforesaid lactone structure-containing resin and 

the resin having the active hydrogen-containing functional group is also available. 

As the active hydrogen-containing functional group, a hydroxyl group, a carboxyl group and an amino 

group are most preferable to expedite the crosslinking reaction with the lactone structure. A hydrosily! group 

and a thiol group are also available. 
40 The resin having the active hydrogen-containing functional group can be produced, for example, by 

polymerizing or adding the compound having the active hydrogen-containing functional group in or after 

forming the resin substrate as above. 

The resin having the active hydrogen-containing functional group has a number average molecular 

weight of usually 500 to 100,000, preferably 1,000 to 50,000. more preferably 2,000 to 30,000. The number 
45 of the active hydrogen-containing functional group is at least 2, preferably 3 to 30, more preferably 5 to 15 

per molecule. 

The method of this invention crosslinks and cures the resin based chiefly on the ring opening reaction 
of the lactone structure. To be concrete, the ring opening polymerization reaction between the lactone 
structures (see Reaction Scheme A) and the ring opening addition reaction of the lactone structure and the 
50 active hydrogen-containing functional group (see Reaction Scheme B) are taken. This invention crosslinks 
and cures the resin by the reaction based on one or both of these reactions. 

Accordingly, it is advisable to perform the method of this invention using the following resins (A) to (C) 
either singly or in combination of two or more. 

(A) A resin containing per molecule at least 2, preferably 3 to 30, more preferably 5 to 15 (or per kg of 
55 the resin, 0.1 to 15 mols, preferably 0.3 to 10 mols, more preferably 1.0 to 5 mols of) lactone structures. 

(B) A mixture of the resin (A) and a resin containing per molecule, at least 2, preferably 3 to 30. more 
pferably 5 to 15 (or per kg of the resin. 0.1 to 15 mols, preferably 0.3 to 10 mols. more preferably 1.0 to 
5 mols of) active hydrogen-containing functional groups. The amount of the resin (A) is usually 5 to 95 % 
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by weight, preferably 20 to 50 % by weight based on the total weight of both the resins (A) and (B), and 
the amount of the resin B is usually 95 to 5 % by weight, preferably 50 to 20 % by weight on the same 
basis. 

(C) A resin containing a lactone structure and an active hydrogen-containing, functional group in a 
5 molecule. The lactone structure/active hydrogen-containing functional group molar ratio is usually 5/1 to 
1/5, preferably 3/1 to 1/3. 

In the aspect of curability, the resin (C) is best, the resin (A) is better and the resin (B) is good. 
In the method of this invention, the conditions for crosslinking and curing the resin selected from the 
resins (A) to (C) vary with the lactone structure. The heating (baiting) temperature is usually at least 80 ' C, 
70 especially preferably 140 to 200* C. When heating is conducted at the above temperature usually for 10 to 
30 minutes, the resin is crossiinked and cured. 

In order to decrease the crosslinking and curing temperature or shorten the heating temperature, said 
resin may be blended with the following catalyst in an amount of 0.01 to 10 parts by weight per 100 parts 
by weight of the resin. 
75 1 . Catalyst for anionic polymerization: 

For example, Li, Na, K, Na-naphthalene, LJ2-ben20phenone, Ka-benzophenone, LiR, NaR, UH, NaH, 
K2CO3, KOH, NaOR, LiOR, acetates of Li, Na and K, and tertiary amines such as pyridine, picolin and 
quinoline. 

2. Catalyst for coordination anionic polymerization: 

20 For example. AIR3, ZnRa. MgRa. RMgX, R2AIX. RAIX2, R2AI(0R'), AIEts-HaO, Zn(C2H5)2-H20, CdCCaHs)- 
2-H2O, AI(0R)3, Mg(0R)2, T\(OR)^ and titanium phosphate. 

3. Catalyst for cationic polymerization: 

AICI3. BF3.(C2Hs)20, other metal halides. CF3CO2H, acetyl perchiorate. toluenesulfonic acid and phos- 
phoric acid. 

25 In the above description, R and R' each denote a hydrocarbon group having 1 to 10 carbon atoms and 

X denotes a halogen atom. 

in the method of this invention, the resins (A) to (C) can be blended with a coloring pigment, a metallic 

pigment and an extender pigment It is advisable that the resin is used by being dissolved or dispersed in 

an organic solvent and/or water. 
30 Moreover, it is also possible, if required, to asdd to said resin a low-molecular polyol (a number average 

molecular weight less than 500) such as glycol or triol and a lactone compound (a number average 

molecular weight less than 500) such as vaierolactone or caprolactone. 

The method of this invention can advantageously be utilized in the field of paints, ink, adhesives. 

tackifiers and molded articles. 

35 

Preparation Example 1 



A vinyl monomer (21 2g : 1 mol) represented by formula, 
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400 g of methyl methacrylate, 130 g of 2-hydroxyethyl methacrylate and 256 g of ethyl acrylate were 
copoiymerized to form a vinyl resin (1) having a number average molecular weight of 15,000. 
50 This resin contains 1 mol/kg of a caprolactone structure and 1 mol/kg of a primary hydroxyl group. 

Preparation Example 2 

A compound (260 g: 2 mols) of a structure represented by fomnula 
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was reacted with 730 g of a polyurethane resin with terminal NCO of a hexamethylenediisocyanate type to 
70 form a polyurethane resin (2) containing a terminal valerolactone structure and having a number average 
molecular weight of 5,000. 

This resin contains 2 mols/kg of the valerolactone structure. 



75 



Preparation Example 3 

One thousand grams of a bisphenol A-type diepoxy resin having a number average molecular weight 
1,000 was reacted with 2 mols of ketene in the presence of a catalytic amount of trifluoroboron etherate to 
introduce a butylolactone structure in the end. 
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30 



This resin (3) contains 1.85 mols/kg of the butylolactone structure and 1.85 mol/kg of a secondary 
hydroxy! group. 

Preparation Example 4 

A compound (432 g: 3 mols) of a staicture represented by formula 

0 

0 

40 was condensed with 300 g of a polyester resin with a terminal carboxyl group having a number average 
molecular weight of 3.000 to fonp a polyester resin (4) containing a caprolactone structure and having a 
molecular weight of 3,500. 

This resin contains 0.57 mol/kg of the caprolactone structure and 1.0 mol/kg of the carboxyl group. 

45 Preparation Example 5 

Hydrogenated bisphenol A was oxidized into a diketone which was then reacted with peracetic acid to 
obtain a resin (5) of a structure represented by formula. 
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This resin contains 7,5 mols/kg of caproiactone and has a number average molecular weight of 268. 
Preparation Example 6 

5 2-Hydroxyethyl acrylate (17.2 parts). 30 parts of styrene and 52.8 of n-butyl acrylate were added 
dropwise together with 4 parts of azobisisobutylonitrile to 100 parts of xylol (solvent) heated at 110 over 
about 3 hours. Thereafter, the mixture was aged at the same temperature for 3 hours to obtain a hydroxyl 
group-containing copolymer (6) having a number average molecular weight of about 18,000. 

10 Preparation Example 7 

Dimer acid and ethylenediamine were subjected to dehydrocondensation reaction at 200° C at a dimer 
acid/ethylenediamine molar ratio of 1/1.2 to obtain an amino group-tenminated polyamide resin (7) having a 
molecular weight of about 1,000. 

75 

Example 

(a) The resin (1) alpne was baked at 170* C for 60 minutes. 

(b) The resin (2) and the hydroxyl group-containing copolymer (6) were mixed at a weight ratio of 1:1, 
and 0.1 % of tetrabutyl titanate was added thereto. The mixture was baked at 120* C for 30 minutes. 

20 (c) AICI2 (3%) was added to the resin (3) alone, and the mixture was baked at 200* C for 30 minutes. 

(d) The resin (4) was mixed with 30 % of epsilon-capro lactone, and 1 % of tris(acetylacetonato)a!uminum 
was added thereto. The mixture was baked at 140* C for 30 minutes. 

(e) The resin (5) and the amino group-terminated polyamide resin (7) (NH2 2 mols/kg) were mixed at a 
weight ratio of 1 :1 , and the mixture was baked at 200 * C for 30 minutes. 

25 The characteristics of the crosslinked cured resins obtained in (a) to (e) are tabulated below. 
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Claims 

40 

1, In a method for curing a resin by utilizing an intermolecular or intramolecular crosslinking reaction, the 
improvement wherein the crosslinking reaction is a ring opening polymerization reaction between 
lactone structures and/or a ring opening addition reaction between a lactone structure and an active 
hydrogen-containing functional group. 

45 

2, The method of claim 1 wherein the resin is a resin containing at least 2 lactone structures in a 
molecule. 

3, The method of claim 2 wherein the resin contains 3 to 10 lactone structures in a molecule. 

50 

4- The method of claim 1 wherein the resin contains at least 1 lactone structure and at least 1 active 
hydrogen-containing functional group in a molecule. 

5. The method of claim 4 wherein the resin contains 3 to 10 lactone structures and 3 to 10 active 
55 hydrogen-containing functional groups in a molecule. 

6. The method of claim 1 wherein the resin is a mixture of a resin containing at least 2 lactone structures 
in a molecule and a resin containing at least 2 active hydrogen-containing functional groups in a 
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molecule. 

The method of claim 1 wherein the active hydrogen-containing functional group is at least 1 group 
selected from a hydroxy! group, a carboxyl group and an amino group. 

The method of claim 1 wherein the lactone structure is a 4- to 9-membered lactone ring. 

The method of claim 1 wherein curing is conducted at a temperature of 140 to 200* C. 
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Description 

This invention relates to a novel method for curing a resin. 

There has been hitherto well known a method for three-dimensionally crosslinking and curing a syntheric resin by 
5 using a curing agent (crosslinking agent) such as a melamine resin or a polyisocyanate compound. However, when 
using the melamine resin, by-products such as alcohols, aldehydes, water, etc. occur during a curing reactbn, deterio- 
rating physical properties of a cured product. Meanwhile, when using the polyisocyanate compound, a system is a 
two-package system which is intricate to treat. 

Encyclopedia of Polymer Sciene and Engineering, Vol. 4, John Wiley & Sons, New York 1986, pp. 350-2, 572/3/9 
10 and 580 discloses polymers containing lactone rings (cf. formulae (89) and (98/9) on pages 573^4). The subject matter 
of the present application differs in that the polymers are crosslinked by ring opening addition reaction between a lactone 
group and a further functional group containing an active hydrogen. 

Encyclopedia of Polymer Science and Engineering, Vol. 12, John Wiley & Sons, New York 1988, pp. 36-41 . teaches 
how to react two lactone groups by ring opening polymerization reaction, see pages 36-41 . 
IS The present inventors have made extensive studies to eliminate the above conventional defects in curing the syn- 

thetic resin and develop a novel curing method in which a system is a one-package system and occurrence of by-products 
is little observed in the curing reaction. As a result, they have this time found that the above object can be achieved by 
a curing method chiefly utilizing a ring opening or addition reaction of a lactone structure, and completed this invention. 
Thus, according to this invention, there is provided a method for curing a resin by utilizing an intermolecular or 
20 intramolecular crosslinking reaction of a resin, characterized in that the crosslinking reaction is a ring opening polymer- 
ization reaction between lactone structures and/or a ring opening addition reaction between a lactone structure and an 
active hydrogen-containing functional group wherein the resin contains at least 1 lactone structure and at least 1 active 
hydrogen -containing functional group in the same molecule, or wherein the resin is a mixture of a resin containing at 
least 2 lactone structures in the same molecule and a resin containing at least 2 active hydrogen -containing functional 
25 groups in the same molecule. 

The resin is generally crosslinked and cured by, for example, chemically bonding molecules of a resin having a 
straight-chain structure (including also a chain structure with a branched chain) In three-dimensional network such that 
the molecules of said resin are bridged intermolecularly and/or intramolecularfy. 

According to this invention, the lactone structure can be subjected to a ring opening addition reaction with active 
30 hydrogen -containing functional groups such as a hydroxyl group, a carboxyl group and an amino group, thereby 
crosslinking and curing the resin. 

The crosslinking and curing reaction between the lactone structure and the active hydrogen-containing functional 
group is thought to typically proceed as shown in the following reaction scheme A wherein R denotes a saturated aliphatic 
hydrocarbon group having preferably 2 to 7 carbon atoms, □ denotes a resin body and R' denotes an alkyi group such 
35 as an ethyl group. 

Reaction Scheme A 
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wherein o is as defined above. 

As the cross I inking and curing reaction usually little proceeds at room temperature, there are advantages that a 
resin which can be cured according to this invention is excellent in storage stability and usable as a one-package type. 
Moreover, compared with an ordinary method for curing a resin with a curing agent such as an amino resin, etc., the 
method of this invention little or never allows formation of by-products in the crosslinking and curing reaction. In conse- 
quence, when the method of this invention is applied to paints, a coating surface having excellent smoothness can be 
formed and an internal stress of a coating film is low so that a coating surface excellent in adhesion to a surface being 
coated can be provided. 

The lactone structure can be formed by the following methods which are known per se. However, they are not critical 
In this invention. 

(1 ) Formation by an oxidation reaction and a reduction reaction 

(a) Formation by peroxidation of a cyclic ketone 

A cyclic ketone enlarges the ring and forms a lactone by a peracid. 

(b) Formation by oxidation of a cyclic ether 

A cyclic ether is oxidized with chromic acid, t-butyl chromate or ruthenium oxide to form a lactone. 

(c) Formation by reductbn of an acid anhydride 

When an acid anhydride is reduced with metallic sodium-alcohol, lithium aluminum hydride or lithium alu- 
minum tri-t-butoxy hydride, a lactone structure is formed. It is also formed using chlorotris(triphenylphosphine) 
rhodium. 

(2) Formation by ring closure of a carboxylic acid or its derivatives 

(a) Formation from a hydroxycarboxylic acid or its esters 
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When a hydroxycarboxylic acid is treated with an acid, dehydration takes place to form a lactone. For 
example, a gamma-hydroxycarboxylic acid and a delta-hydroxycarboxylic acid provide a gam ma- lactone and 
a delta-lactone respectively. Examples of the acid are mineral acids such as sulfuric acid and hydrochloric acid, 
and organic acids such as p-toluenesulfonic acid. The lactone can be formed using an acid anhydride (e.g. 
5 acetic anhydride and trifluoroacetic anhydride) or phosgene. 

(b) Formation from an unsaturated carboxylic acid or its esters 

A beta.gamma-unsaturated carboxylic acid is easily ring-closed in the presence of an acid to form a gam- 
ma-lactone. Examples of the acid are sulfuric acid and trifluoroacetic acid. 4-Pentenoic acid forms a gamma-lac- 
tone and 5-methyl-4-hexenoic acid forms a gamma-lactone. When an olefinic carboxylic acid is reacted with a 
10 peracid, a hydroxylactone is formed. Moreover, an ester having a cyclopropyl group can be lactonized with an 

acid. 

(c) Formation from an olefinic diazo ester 

A carbene formed by decomposition of a diazo ester having a double bond is added to a double bond in a 
molecule to form cyclopropyl lactone. A diazo malonic acid ester also forms a lactone. A compound having a 
15 cyclop ropy Icarbony I group can be converted into a gamma-lactone with a cyclopropane ring cleaved. 

(3) Formation by carbonylation and introduction of a carboxylic acid residue 



(a) Formation by carbonylation of acetylene carbinol 

20 When an alcohol having terminal acetylene is carbonylated, a lactone is formed. For example, when be- 

ta-hydroxyacetylene is carbonylated with carbon monoxide, alpha-methylene lactone results, and butenolyd is 
formed from ethenyl carbinol. Further, when vinyl alcohol is carbonylated, a lactone is obtained. 

(b) Formation by a reaction between a ketone and a ketene 

An aldehyde or a ketone is condensed with a ketene in the presence of a Lewis acid as a catalyst to form 
25 a beta-lactone. Dimethyl ketene is condensed with cyclopropane to form spiro-beta-lactone. DIchloroketene is 

concensed with an aldehyde to form aIpha,alpha-dichloro-beta- lactone. An unsaturated delta-tactone is formed 
by a reaction of an alpha, beta-unsatu rated aldehyde and/or a ketone with a ketene. 

(c) Fomnation by introduction of a carboxylic acid residue into an epoxide 

Active methylene compounds such as a malonic acid ester, ethyl cyanoacetate and ethyl acetoacetate fonn 
30 corresponding gamma-lactone derivatives respectively. Oxirane is condensed with a ketene to form a gam- 

ma-lactone. 



As a method to bond the thus formed lactone structure to a resin molecule, it is possible to introduce a substituent 
in the lactone structure and chemically bond the lactone structure to a resin substrate utilizing the substituent. The 
35 substituent is introduced into the lactone structure by e.g. carboxylatlon or hydroxymethylation of an alpha-position of 
the lactone ring. A hydroxyl group can be added by subjecting a beta-position of the lactone ring to a Michael conden- 
sation. An isocyanate group can also be introduced by adding a polylsocyanate compound to the hydroxyl group. 

The substituent (e.g. a hydroxyl group, a carboxyl group and an isocyanate group) introduced into the lactone 
structure as above is reacted with a functional group introduced in the resin substrate, thereby making it possible to 
40 introduce the lactone into the resin substrate. The functional group that can be introduced into the resins substrate may 
• be any group that is mutually reacted with the substituent of the lactone structure. Examples of such group are a hydroxyl 

group, a carboxyl group, an epoxy group and an isocyanate group. The resin substrate into which these functional 
groups are introduced is not limited in particular, and can optionally be selected depending on the use purpose of the 
resin. Examples thereof are an acrylic resin, a vinyl resin, a polyester (alkyd) resin, a polyamide resin, a polyurethane 
45 resin, an epoxy resin and a fluorine resin. It is advisable that the resin substrate has a number average molecular weight 
of usually 200 to 100,000, preferably 200 to 50,000 and more preferably 200 to 20,000. The above functional group can 
be introduced into such resin substrate in a manner known per se. 

A preferable combination of the functional group of the resin substrate for introducing the lactone structure into the 
resin substrate and the substituent of the lactone structure is listed below. 

so 



Functional group of a resin substrate 


Substituent of a lactone structure 


Hydroxyl group 


Carboxyl group, epoxy group, isocyanate group 


Carboxyl group 


Hydroxyl group, amino group, epoxy group 


Epoxy group 


Carboxyl group, hydroxyl group, thiol group, amino group, hydroxyl group 


Isocyanate group 


Hydroxyl group, amino group 
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Another method to introduce the lactone structure into the resin substrate is that a polymerizable unsaturated mon- 
omer containing a lactone structure is singly polymerized or copolymerized with another polymerizable monomer. Ex- 
amples of the polymerizable unsaturated monomer containing the lactone structure are monomers represented by for- 
mulas 



I 

CH2=C"C00-R2 



Ri 
I 

CH2=-C-C00-R2 




wherein denotes H or CH3 and R2 denotes a C-,.^ hydrocarbon group. 
20 The other monomer copolymerizable with these monomers is preferably the polymerizable unsaturated monomer 

(the vinyl monomer or the acrylic monomer) used in forming the vinyl resin or the acrylic resin. 

Further, when mateic anhydride is copolymerized with ally I alcohol, ring closure is conducted in polymerization to 
obtain a lactone structure-containing vinyl polymer as shown in the following reaction scheme B. 

Reaction Scheme B 
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The number of the lactone structure being introduced can be at least 2, preferably 3 to 30, more preferably 5 to 15 
per molecule. 

In the method of this invention, a resin having a lactone structure and an active hydrogen-containing group per 
molecule is also available. When using such resin, the lactone structures or the lactone structure and the active hydro- 
gen-containing functional group cause the intermolecular or intramolecular ring opening bonding reaction to conduct 
crosslinking and curing. 

Such resin can be formed by reacting part of the functional group of the resin substrate having introduced therein 
the active hydrogen-containing functional group with the substituent of the lactone structure. Said resin can contain at 
least 1 , preferably 3 to 30, more preferably 5 to 15 lactone structures and at least 1 , preferably 3 to 10, more preferably 
5 to 15 active hydrogen-containing functional groups. 

Further, in the method of this invention, a mixture of the aforesaid lactone structure-containing resin and the resin 
having the active hydrogen-containing functional group is also available. 

As the active hydrogen-containing functional group, a hydroxyl group, a carboxyl group and an amino group are 
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most preferable to expedite the crosslinking reaction with the lactone structure. A hydrosilyl group and a thiol group are 
also available. 

The resin having the active hydrogen-containing functional group can be produced, for example, by polymerizing 
or adding the compound having the active hydrogen -containing functional group in or after forming the resin substrate 
5 as above. 

The resin having the active hydrogen -containing functional group has a number average molecular weight of usually 
500 to 100,000, preferably 1 .000 to 50,000. more preferably 2,000 to 30,000. The number of the active hydrogen-con- 
taining functional group is at least 2. preferably 3 to 30, more preferably 5 to 15 per molecule. 

The method of this invention crosslinks and cures the resin based chiefly on the ring opening reaction of the lactone 
10 structure. To be concrete, the ring opening addition reaction of the lactone structure and the active hydrogen-containing 
functional group (see Reaction Scheme A) is taken. 

Accordingly, it is advisable to perform the method of this invention using the following resins (A) to (C) either singly 
• or in combination of two or more, the use of the resin (A) alone not falling within the scope of the invention. 

15 (A) A resin containing per molecule at least 2, preferably 3 to 30, more preferably 5 to 1 5 (or per kg of the resin, 0. 1 

" to 15 mols, preferably 0.3 to 10 mols, more preferably 1 .0 to 5 mols of) lactone structures. 

(B) A mixture of the resin (A) and a resin containing per molecule, at least 2, preferably 3 to 30, more pferably 5 to 
15 (or per kg of the resin, 0.1 to 15 mols, preferably 0.3 to 1 0 mols, more preferably 1 .0 to 5 mols of) active hydro- 
gen-containing functional groups. The amount of the resin (A) is usually 5 to 95 % by weight, preferably 20 to 50 % 

20 by weight based on the total weight of both the resins (A) and (B), and the amount of the resin B is usually 95 to 5 

% by weight, preferably 50 to 20 % by weight on the same basis. 

(C) A resin containing a lactone structure and an active hydrogen-containing, functional group in a molecule. The 
lactone structure/active hydrogen-containing functional group molar ratio is usually 5/1 to 1/5, preferably 3/1 to 1/3. 

25 In the aspect of curability, the resin (C) is best, the resin (A) is better and the resin (B) is good. 

In the method of this invention, the conditions for crosslinking and curing the resin selected from the resins (A) to 
(C) vary with the lactone structure. The heating (baking) temperature is usually at least 80° C, especially preferably 140 
to 2D0^C. When heating is conducted at the above temperature usually for 10 to 30 minutes, the resin is crosstinked 
and cured. 

30 In order to decrease the crosslinking and curing temperature or shorten the heating temperature, said resin may 

be blended with the following catalyst in an amount of 0.01 to 10 parts by weight per 100 parts by weight of the resin. 



1 . Catalyst for anionic polymerization: 

For example, Li, Na, K, Na-naphthalene, Li2-benzophenone, K2-benzophenone, LiR, NaR, LiH, NaH. K2CO3, 
35 KOH, NaOR, LiOR, acetates of Li, Na and K, and tertiary amines such as pyridine, picolin and quinoline. 

2. Catalyst for coordination anionic polymerization: 

For example, AIR3, ZnRa, MgRa. RMgX, RgAlX, RAIXg, RgAKOR'), AlEtg-HaO, Zn(C2H5)2-H20, Cd 
(C2H5)2-H20, AI(OR)3, Mg(OR)2, Ti(OR)4 and titanium phosphate. 

3. Catalyst for cationic polymerization: 

40 AICI3, BF3.(C2H5)20, other metal halides, CF3C02H, acetyl perchlorate, toluenesulfonic acid and phosphoric 

acid. 



In the above description, R and R* each denote a hydrocarbon group having 1 to 10 carbon atoms and X denotes 
a halogen atom. 

45 In the method of this invention, the resins (A) to (C) can be blended with a coloring pigment, a metallic pigment and 

an extender pigment. It is advisable that the resin is used by being dissolved or dispersed in an organic solvent and/or 
water. 

Moreover, it is also possible, if required, to asdd to said resin a tow-molecular polyol (a number average molecular 
weight less than 500) such as glycol or triol and a lactone compound (a number average molecular weight less than 
50 500) such as valerolactone or caprolactone. 

The method of this invention can advantageously be utilized in the field of paints, ink, adhesives, tackifiers and 
molded articles. 

Preparation Example 1 

55 

A vinyl monomer (21 2g : 1 mol) represented by formula. 
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400 g of methyl methacrylate, 130 g of 2-hydroxyethyl methacrylate and 256 g of ethyl aery late were copolymerized to 
form a vinyl resin (1 ) having a number average molecular weight of 1 5.000. 
10 This resin contains 1 mol/kg of a caprolactone structure and 1 mol/kg of a primary hydroxy! group. 

Preparation Example 2 

A compound (260 g: 2 mols) of a structure represented by formula 



0 

o-c 



H0-CH2-< H 




was reacted with 730 g of a polyurethane resin with terminal NCO of a hexamethylenediisocyanate type to form a 
polyurethane resin (2) containing a terminal valerolactone structure and having a number average molecular weight of 
5,000. 

25 This resin contains 2 mols/kg of the valerolactone structure. 

Preparation Example 3 

One thousand grams of a bisphenol A-type diepoxy resin having a number average molecular weight 1 ,000 was 
30 reacted with 2 mols of ketene in the presence of a catalytic amount of trifluoroboron etherate to introduce a butylolactone 
structure in the end. 



CHjCO . „ . 



T — 7 ^ V 

^0' BFjOEtj 0 




This resin (3) contains 1 .85 mols/l<g of the butytolactone structure and 1 .85 mol/kg of a secondary hydroxyl group. 
40 Preparation Example 4 

A compound (432 g: 3 mols) of a structure represented by formula 

0 

H0-CH2-<^J1^ 

50 was condensed with 300 g of a polyester resin with a terminal carboxyl group having a number average molecular weight 
of 3,000 to form a polyester resin (4) containing a caprolactone structure and having a molecular weight of 3,500. 
This resin contains 0.57 mol/kg of the caprolactone structure and 1 .0 mol/kg of the carboxyl group. 



Preparation Example 5 

Hydrogenated bisphenol A was oxidized into a di ketone which was then reacted with peracetic acid to obtain a resin 
(5) of a structure represented by formula 
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This resin contains 7.5 mols/kg ot caprolactone and has a number average molecular weight of 268. 
Preparation Example 6 

2-Hydroxyethyl aery late (17.2 parts), 30 parts of styrene and 52.8 of n-butyl aery late were added dropwise together 
with 4 parts of azobisisobutylonitrile to 100 parts of xylol (solvent) heated at 110°C over about 3 hours. Thereafter, the 
mixture was aged at the same temperature for 3 hours to obtain a hydroxy I group-containing copolymer (6) having a 
number average molecular weight of about 18,000. 

Preparation Example 7 

Dimer acid and ethylenediamine were subjeeted to dehydroeondensation reaction at 200°C at a dimer acid/ethyl- 
enediamine molar ratio of 1/1.2 to obtain an amino group-terminated polyamide resin (7) having a molecular weight of 
about 1,000. 

Example 



(a) The resin (1 ) alone was baked at 170°C for 60 minutes. 

(b) The resin (2) and the hydroxyl group-containing copolymer (6) were mixed at a weight ratio of 1 :1 , and 0.1 % of 
tetrabutyl titanate was added thereto. The mixture was baked at 120°C for 30 minutes. 

(c) AlClg (3%) was added to the resin (3) alone, and the mixture was baked at 200**C for 30 minutes. 

(d) The resin (4) was mixed with 30 % of epsiloncaprolactone, and 1 % of tris(acetylacetonato)aluminum was added 
thereto. The mixture was baked at 140*C for 30 minutes. 

(e) The resin (5) and the amino group-terminated polyamide resin (7) (NHg 2 mols/kg) were mixed at a weight ratio 
of 1:1 , and the mixture was baked at 200°C for 30 minutes. 



The characteristics of the crosslinked cured resins obtained in (a) to (e) are tabulated below. 





(a) 


(b) 


(c) 


(d) 


(e) 


Wiped 20 times with xylol 


No change 


No change 


Gloss slightly loses 


No change 


No change 


Tukon hardness 


18 


10 


5.5 


8 


11 



Claims 

1. A method for curing a resin by utilizing an intermolecular or intramolecular crosslinking reaction, characterized in 
that the crosslinking reaction is a ring opening polymerization reaction between lactone structures and/or a ring 
opening addition reaction between a lactone structure and an active hydrogen-containing functional group, wherein 
the resin contains at least 1 lactone structure and at least 1 active hydrogen-containing functional group in the same 
molecule, or wherein the resin is a mixture of a resin containing at least 2 lactone structures in the same molecule 
and a resin containing at least 2 active hydrogen-containing functional groups in the same molecule. 

2. The method of claim 1 , wherein the resin contains 3 to 1 0 lactone structures and 3 to 1 0 active hydrogen -containing 
functional groups in a molecule. 

3. The method of claim 1 wherein the active hydrogen -containing functional group is at least 1 group selected from a 
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hydroxyl group, a carboxyl group and an amino group. 

4. The method of claim 1 wherein the lactone structure is a 4- to 9-membered lactone ring. 
5 5. The method of claim 1 wherein curing Is conducted at a temperature of 140 to 200*C. 

Patentanspruohe 

10 1. Verfahren zum Harten eines Harzes durch intermolekulare Oder intramolekulare vernetzungsreaktion, dadurch 
gekennzeichnet, daf3 die vernetzungsreaktion eine R in goffnungs- Polymer isationsreaktion zwischen Lactonstruk- 
turen und/oder eine Ringotfnungs-Additionsreaktion zwischen einer Lactonstruktur und einer aktiven Wasserstoff 
enthaltenden funktlonellen Gruppe ist, wobei das Harz mindestens eine Lactonstruktur und mindestens eine aktiven 
Wasserstoff enthaltende funktionelle Gruppe im gleichen Molekul enthatt oder wobei das Harz ein Gemisch aus 
5, ^5 einem Harz, welches mindestens zwei Lactonstrukturen im gleichen Molekul enthalt, und einem Harz, welches 

mindestens zwei aktiven Wasserstoff enthaltende funktionelle Gruppen im gleichen Molekul enthalt, ist. 

2. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, da3 das Harz 3 bis 10 Lactonstrukturen und 3 bis 10 aktiven 
Wasserstoff enthaltende funktionelle Gruppen in einem MolekO! enthalt. 

20 

3. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daQ die aktiven Wasserstoff enthaltende funktionelle 
Gruppe mindestens eine Gruppe ist, ausgewahit aus einer Hydroxy Igruppe. einer Carboxylgruppe und einer Ami- 
nog ruppe. 

25 4. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, da3 die Lactonstruktur ein 4- bis 9-gliedriger Lactonring ist. 

5. Verfahren nach Anspruch 1, dadurch gekennzeichnet, da3 die Hartung bei einer Temperatur von 140 bis 200"C 
durchgefuhrt wird. 
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Revendtcatlons 



1. Procede pourdurcir une resine en utilisant une reaction de reticulation intermoleculaire ou intramoleulaire, carac- 
t6ris6 en ce que la reaction de reticulation est une reaction de polymerisation avec ouverture de cycle entre des 

^ structures lactoniques et/ou une reaction d'addition avec ouverture ce cycle entre une structure lactonique et un 

groupe fonctionnel contenant de I'hydrogene actif, la resine contenant au moins une structures lactonique et au 
moins un groupe fonctionnel contenant de I'hydrogene actif dans la meme molecule, ou la resine etant un melange 
d'une resine contenant au moins deux structures lactoniques dans la meme molecule et d'une resine contenant au 
moins deux groupes tonctionnels contenant de I'hydrogene actif dans la meme molecule. 

40 

2. Procede selon la revendication 1, dans lequel la resine contient 3^10 structures lactoniques et 3 ^ 10 groupes 
tonctionnels contenant de I'hydrogene actif dans une molecule. 

3. Precede selon la revendication 1 , dans lequel le groupe fonctionnel contenant de I'hydrogene actif est au moins 1 
45 groupe choisi parmi un groupe hydroxyle, un groupe carboxyle et un groupe amino. 

4. Precede selon la revendication 1 , dans lequel la structure lactonique est un cycle lactonique a 4 a 9 membres. 

5. Procede selon la revendication 1 , dans lequel le durcissement est effectue ^ une temperature de 1 40 ^ 200'*C. 
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